Introduction
In the past few decades, developments in science and technology have created motivations for researchers to find on new structural materials such as composite and sandwich. These materials have been used in various engineering disciplines such as aerospace engineering, automotive engineering, civil engineering, etc. Plates are an important part of many structures. Laminated composite plates are often made of several orthotropic layers and bonded together to achieve superior properties such as high stiffness and strength-to-weight ratios, long fatigue life, wear resistance, lightweight, etc. Especially, for sandwich plates, inner layers are replaced by a core which has low stiffness. Therefore, a good understanding of bending behavior, stress distribution, dynamic and buckling responses of the plates is necessary for researchers and users.
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Several laminated plate theories have been investigated for composite and sandwich plates. The classical laminate plate theory (CLPT) [1] is only suitable for thin plates. The first-order shear deformation theory (FSDT) [2] , which shear deformation effect is regarded, can be applied for both moderately thick and thin plates. The FSDT does not satisfy free boundary conditions on the lower and upper surface of the plates, and hence shear correction factors need to be involved. To avoid using shear correction factors, many higher order shear deformation theories have been devised by the researchers, e.g, Ambartsumian [3] , Reissner [4] , Levinson [5] , Reddy [6] , Soldatos [7] , Karama et al. [8] and Aydogdu [9] , etc. Classically, first-order and higher-order theories are used the equivalent single-layer models (ESL), which consider the same degrees of freedom for all laminate layers. In addition, several other equivalent-single-layer models for laminated plates have been proposed accounting for zig-zag effects and fulfillment of interlaminar continuity. Among these the one by Mau [10] , Chou and Carleone [11] , Di Sciuva [12] , Toledano and Murakami [13] , Ren [14] and Castro et al. [15] are herein mentioned. Mixed layer-wise and equivalent-singlelayer theories based on Reissener Mixed Variational Theorem have been discussed by Carrera [16, 17, 18] . A historical review encompassing early and recent developments of advanced theories for laminated beams, plates and shells was revisited in [19] . Interested readers are addressed to that last paper for a more complete review on relevant topics.
In the effort to development of advanced computational methodologies, Hughes et al. [20] have recently proposed an isogeometric analysis (IGA) that bridges the gap between Computer Aided Design (CAD) and Finite Element Analysis (FEA). It means that the IGA uses basis functions generated from Non-Uniform Rational B-Splines (NURBS) in order to describe both the geometry and the unknown variables of the problem. Therefore, the process of meshing in IGA can be omitted and the two models for CAD and FEA integration into one. The main advantages of IGA are ability to represent exactly domains being conic sections and higher order approximation with arbitrarily high smoothness. In IGA, the exact geometry is maintained at the coarsest level of discretization and re-meshing is performed on this level without any further communication with CAD geometry. Furthermore, B-splines (or NURBS) provide a flexible way to perform refinement (or h-refinement), and degree elevation [21] . Isogeometric analysis has been applied to a wide range of practical mechanics problems such as structural vibrations [22] , nearly incompressible linear and nonlinear problems [23] , structural shape optimization [24] , Kirchhoff-Love shell [25, 26, 27] , isotropic Reissner-Mindlin shell [28] , laminated composite/functionally graded plates based on FSDT [29, 30, 31] /HSDT [32, 33] , and rotation-free shells [34] , etc.
In this paper, an effectively approximate formulation based on a NURBS-based isogeometric analysis associated with a new inverse tangent shear deformation theory (ITSDT) is presented for static, free vibration and buckling analysis of laminated composite and sandwich plates. An inverse tangent function can be expressed by means of Taylor expansion, that has more general form than the classical polynomial. Generalized displacements are constructed using the NURBS basis functions that can yield higher-order continuity and fulfill easily the requirement of C 1 -continuity of the HSDT models. Several numerical examples are illustrated to show high effectiveness of the present method. Obtained results are well compared with exact three-dimensional elasticity, analytical or semi-analytical and other numerical solutions.
The paper is arranged as follows: a brief on the B-spline and NURBS surface is described in 2 M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT section 2. Section 3 presents a formulation of a NURBS-based isogeometric analysis for composite sandwich plates. Several numerical examples are provided in section 4. Finally we close our paper with some concluding remarks.
A brief of NURBS functions

Knot vectors and basis functions
Let Ξ = ξ 1 , ξ 2 , ..., ξ n+p+1 be a nondecreasing sequence of parameter values, ξ i ≤ ξ i+1 , i = 1, ..., n + p. The ξ i are called knots, and Ξ is the set of coordinates in the parametric space. If all knots are equally spaced the knot vector is called uniform. If the first and the last knots are repeated p+1 times, the knots vector is described as open. A B-spline basis function is C ∞ continuous inside a knot span and C p−1 continuous at a single knot. A knot value can appear more than once and is then called a multiple knot. At a knot of multiplicity k the continuity is C p−k . Given a knot vector, the B-spline basis functions N i,p (ξ ) of order p = 0 are defined as follows
The basis functions of order p > 0 is defined by the following recursion formula [35] 
For p = 0 and 1, the basis functions of isogeometric analysis are identical to those of standard piecewise constant and linear finite elements, respectively. In IGA, the basis functions with p ≥ 2 are considered [20] . 
NURBS surface
The B-spline curve is defined as
where P i are the control points, n denotes the number of control points and N i,p (ξ ) is the p th -degree B-spline basis function defined on the open knot vector. Given two knot vectors Ξ = ξ 1 , ξ 2 , ..., ξ n+p+1 and H = η 1 , η 2 , ..., η m+q+1 and a control net P i, j , a tensor-product B-spline surface is defined as
where N i,p (ξ ) and M j,q (η) are the B-spline basis functions defined on the knot vectors Ξ and H , respectively. In a finite element context, we identify the logical coordinates (i, j) of the B-spline surface with the traditional notation of a "node" I [28] and rewrite Eq. (4) as follows
where
is the shape function associated with a node I. The superscript b indicates that N b I (ξ , η) is a B-spline shape function. Non-uniform rational B-splines (NURBS) are obtained by augmenting every point in the control mesh P I with the weights w g I . The weighting function is constructed as follows
The NURBS surfaces are then defined by
3. An isogeometric laminated plate formulation using a new inverse tangent shear deformation theory
The displacements, strains and stresses in plates
Let Ω be the domain in R 2 occupied by the mid-plane of the plate and u 0 , v 0 , w and β = (β x , β y ) T denote the displacement components in the x, y, z directions and the rotations in the x − z and y − z planes (or the-y and the-x axes), respectively, see h − z displacement field based on higher-order shear deformation theories [7, 9, 36, 37] are defined as follows where f (z) is shape function determining the distribution of the transverse shear strains and stresses through the thickness of plates. This distribution function is chosen so that tangential stress-free boundary conditions at the top and bottom surfaces of the plates are satisfied. In the present formulation, an inverse tangent function is proposed. Several trigonometric shape functions derived by other researchers are listed in Table 1 . Shape functions and derivation of its through the thickness of the plate are illustrated in Fig. 3 . It be can seen that the zeros shear stress conditions at the top and bottom surfaces of the plates are obtained. The in-plane strain vector ε p = ε xx ε yy γ xy T can be rewritten as 
and the transverse shear strain vector γ = [γ xz γ yz ] T has the following form
Neglecting σ z for each orthotropic layer, the constitutive equation of an orthotropic layer in the local coordinate system is derived from Hookes law for a plane stress by
where subscripts 1 and 2 are the directions of the fiber and in-plane normal to fiber, respectively, subscript 3 indicates the direction normal to the plate; and the reduced stiffness components, (12) in which E
21 are independent material properties for each layer. The laminate is usually made of several orthotropic layers. Each layer must be transformed into the laminate coordinate system (x, y, z). The stress -strain relationship is given as
whereQ i j is the transformed material constant matrix (see [40] for more details).
Weak form
A weak form of the static model for composite sandwich plates using HSDT can be briefly expressed as
wherep, ε p = ε 0 ε 1 ε 2 T and ε s are the transverse loading per unit area, in-plane strains and transverse shear strains vector, respectively, and
For the free vibration analysis of composite sandwich plates using HSDT, a weak form may be derived from the dynamic form of the principle of virtual work
In the case of in-plane buckling analysis and assuming pre-buckling stressesσ 0 , nonlinear strains are taken into account in the weak form as
are the gradient operator and in-plane prebuckling stresses, respectively. Using NURBS basis functions, the field variables are the in-plane extensions, transverse deflection and the rotations at all control points, which can be expressed as
where n × m is the number basis functions, N I and q I = [u I v I w I β xI β yI ] T are rational basis functions and the degrees of freedom of u associated with a control point I, respectively. The in-plane strains, shear strains and geometrical strains are written as: For static analysis, the stiffness formulation is written as
For free vibration analysis, one forms
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And for buckling analysis, we have
where K is the global stiffness matrix
in which f is the load vectors and M is the global mass matrix
where (25) in which ρ, h, ω and λ cr are the mass density, the thickness, the natural frequency and the critical buckling load, respectively.
Essential boundary conditions
In this part, we show how to impose essential boundary conditions of the isogeometric approach. For the sake of simplicity we consider several following Dirichlet boundary conditions (BCs):
• Simply supported rectangular plates:
where β n (x D ) is the normal rotation constraint and x D are control points that define the essential boundary.
• Simply supported plates with curved boundaries:
• Clamped plate model:
It is worth noting that the enforcement of Dirichlet BCs on u 0 , v 0 , w, β x and β y is treated as in the standard FEM. This procedure involves only control points that define the essential boundary. However, for the derivatives w ,x , w ,y occurred in (8), the enforcement of Dirichlet BCs can be solved in a special way based on stream function formulation proposed by Auricchio et al. [41] .
To end this, the derivatives w ,x , w ,y can be included in a compact form of the normal slope at the boundary as follows
Due to w(n(x D )) = 0 at x D , Eq. (29) implies that in the framework of IGA we impose simply same boundary values, i.e, zero values, on the deflection variable at control points x A adjacent to the boundary control points x D [41] . It be can observed that essential boundary condition using this way is very simple to implement in the isogeometric approach in comparison with other numerical methods. We will show in the next section that this procedure results in a high accuracy for analysis of multilayered plates.
Numerical results and discussion
Several examples of the laminated composite and sandwich plates for static, free vibration and buckling analysis have been presented to demonstrate the performance of the proposed theory. For the sake of simplicity and without loss of generality, we only consider the IGA with using NURBS cubic basis functions (p = 3). Additionally, besides the proposed model, the IGA is also applied for the first time to three different trigonometric shear deformation theory models [38, 39, 7] . The results obtained from the present solutions have been compared with other published ones. The material parameters used in this study are listed below:
• Material II [42] : Face sheets:
Core:
• Material III:
Face sheets:
• Material V :
• Material V I [46] : Face sheets:
in which E f 2 refers to that of face sheets. We now consider a simply supported square laminated plate subjected to a sinusoidal load q, see Fig. 4 . The length to width ratios is a/b=1 and the length to thickness ratios are a/h= 4, 10, 20, 100. Material I is used. The normalized displacement and stresses are defined as
We first investigate the convergence of the normalization displacement and stresses at a/h =4. The plate is modeled with 9 × 9, 13 × 13 and 17 × 17 elements as shown in Fig. 5 . The exact 3D elasticity solution of this problem was given by Pagano [47] . Table 7 shows the convergence of the normalization displacement and stresses of the IGA based on the present theory and the different trigonometric shear deformation theories (dTrSDTs) [38, 39, 7] . The relative error percentages compared with the exact 3D elasticity solution [47] are given in a parentheses. It be can observed that the obtained results agree very well with the exact values. Compared to the different trigonometric shear deformation theories, the IGA using the present theory produces more accurate results for both displacement and stresses. For a comparison, the normalized displacement and stresses of a four layer simply supported square plate are computed using 17 × 17 B-spline elements. The obtained results of the IGA based on the present theory are compared with those of the several other methods based on other higher-order shear deformation theories such as the closed form solution (CSF) based on the HSDT by Reddy M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT [6] , the finite strip method (FSM) based on HSDT by Akhras et al. [48] , the multiquadric radial basis function method (RBFs) based on a finite point formulation and HSDT by Ferreira et al. [49] , the closed form solution based on a trigonometric shear deformation theory (TrSDT) by Mantari et al. [50] , the closed form solution based on an exponential shear deformation theory (ESDT) by Karama et al. [51] , the IGA based on the dTrSDTs [38, 39, 7] and an exact 3D elasticity approach studied by Pagano [47] . Table 3 is provided the comparison between the present method and other methods. It is seen that the IGA based on the present theory shows a strong competitor to other reference ones for all ratios a/h. The normalized displacement and stresses of the present approach are in excellent agreement with the exact solution [47] . It is seen for thick plate cases (a/h = 4, 10) that the ITSDT yields better results than the HSDT [6, 48, 49] , ESDT [51] and the dTrSDTs [38, 39, 7] in comparison with the exact solution [47] . For thin plate case (a/h = 100), the difference between the solutions are not significant for all displacement and stresses. Fig. 6 plots the distribution of stresses through the thickness of a four-layer the square plate with a/h = 4 and 10, respectively. It is worth noting that the present ITSDT model reflects well the shear stresses profiles through the plate thickness. From Table 3 , it is worth noting that results derived from two published models in [38] and [39] are coincided. Therefore in next examples, only the model provided in [38] is illustrated. 
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A three-layer [0 0 /90 0 /0 0 ] simply supported square laminated plate subjected to a sinusoidal load q as previous example is considered. The length to thickness ratios are a/h= 4, 10, 20, 100, respectively. Material I is also used. The normalized displacement and stresses of a square plate are defined as: Table 4 lists the results of the IGA based on present theory using 17 × 17 cubic B-Spline elements. Numerical solutions are compared to those reported in the literature such as the closed form solution based on HSDT by Reddy [6] , the closed form solution based on ESDT by Karama et al. [51] , the closed form solution based on TrSDT by Mantari et al. [50] , the closed form solution based on inverse hyperbolic shear deformation theory (IHSDT) by Grover et al. [52] , the IGA solution based on the dTrSDTs [38, 7] and an exact elasticity solution by Pagano [47] . The obtained results indicate a reasonably good agreement with other available ones for all a/h ratios. The normalized displacement and stresses derived from the present theory are more accuracy than those of HSDT [6] and ESDT [51] . Also, the stresses profiles through the thickness of the three-layer square laminated plate with a/h = 4 and 10, respectively, are again displayed in Fig. 7. 4.1.3. Sandwich (0 0 /core/0 0 ) square plate subjected under sinusoidally distributed load Let us consider a sandwich (0 0 /core/0 0 ) simply supported square plate subjected to a sinusoidally distributed load. The thickness of each face sheet is fixed at h/10. The length to thickness ratios are used as a/h = 4, 10, 20, 50, 100. Material II is used in this example. The plate is modeled by 17 × 17 B-spline elements. The normalized transverse displacement and stresses are defined as followsw [38, 7] . Again, the present results are in good agreement with the exact elasticity one [47] and also the analytical one [42] . It is evident that FSDT model leads to inaccurate results compared to other models when the plate becomes thicker. Henceforth, this shortcoming motivates the development of higher order shear deformation theories. It is worth noting that our proposed method is completely relied on the numerical approximation and can provide strongly competitive solutions to well-known analytical approaches. Fig. 8 exhibits the distribution of stresses through the thickness of the plate using the present theory and the dTrSDTs M A N U S C R I P T 
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ACCEPTED MANUSCRIPT [38, 7] . It is event that the present HSDT model produce truly the mechanical characterization of the sandwich plates.
4.1.4.
Three-layer sandwich square plate subjected to a uniform load Let us consider a simply supported sandwich square plate proposed by Srinivas [53] subjected to a uniform transverse load q, as shown in Fig. 9 . Length to thickness ratio, a/h, is taken as 10. The core thickness h c to face sheet thickness ratio h f is fixed at 8 (h c /h f = 8). The laminate sandwich plate is made of one inner layer (core), which has the following properties 
The normalized displacement and stresses of the plate are defined as
The exact solution of this problem was given by Srinivas [53] . For a comparison, we compute the normalized displacement and stresses of the sandwich square plate using 17 × 17 B-spline elements. Obtained results from the IGA based on ITSDT are compared with those of the FEM based on HSDT reported by Pandya and Kant [54] , the multiquadric radial basis function method (RBFs) based on a finite point formulation and HSDT by Ferreira et al. [49] , the multiquadric radial basis function method (RBFs) relied on the layerwise deformation theory (LW) by Ferreira [55] , the closed form solution based on IHSDT by Grover et al. [37] , the closed form solution based on ESDT by Mantari et al. [36] , exact solution by Srinivas [53] and the IGA based on dTrSDTs [38, 7] . The results with respect to various values of R (R = 5, 10, 15) are given in Table 6 . It is observed that the obtained results from the IGA based on present theory and the dTrSDTs [38, 7] are in close agreement with the exact solution and those solutions for all displacement and stresses. Material III is used. The effects of the length to thickness a/h and elastic modulus ratios E 1 /E 2 are studied. To show the convergence of the present approach, the length to thickness a/h = 5 and elastic modulus ratios E 1 /E 2 = 40 are chosen. As shown in Table 7 , the normalized frequency are M A N U S C R I P T computed using meshes of 9 × 9, 13 × 13 and 17 × 17. It can be observed that the differences of normalized frequencies between meshes of 13 × 13 and 17 × 17 are not significant. Hence, for a comparison with other methods, a mesh of 13 × 13 cubic elements can be chosen.
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The first normalized frequency derived from the IGA based on the present theory (ITSDT) is listed in Table 8 corresponding to various modulus ratios E 1 /E 2 and a/h = 5. The obtained results are compared with the closed form solution based on HSDT [57, 58] , the moving least squares differential quadrature method (DQM) [43] based on FSDT, the meshfree method using multiquadric radial basis functions (RBFs) [59] & wavelets function [60] based on FSDT and our isogeometric approach based on dTrSDTs [38, 7] . It is found that the obtained results from the IGA based on ITSDT and dTrSDTs are in good agreement with the published ones. And the first normalized frequency of the IGA based on ITSDT is slightly larger the IGA based on dTrSDTs [38, 7] .
The influence of the length to thickness ratios is also considered, as shown in Table 9 . The obtained results are compared with those of Zhen and Wanji [61] based on a global-local higher-order theory (GLHOT), Whu and Chen [62] based on a local higher-order theory (LHOT), Matsunaga [63] based on a glocal-local higher-order theory, Cho et al. [64] based on HSDT. As expected, a good agreement with other published solutions is obtained.
Composite sandwich square plate
Let us a five-layer (0 0 /90 0 /core/0 0 /90 0 ) anti-symmetry sandwich square plate with a simply supported boundary condition. Material IV is used and the plate is modeled by 13 × 13 B-spline elements. First, the changes of the length to thickness ratio and thickness of core to thickness of face sheet ratio are considered. The normalized frequencies are defined as ϖ = ωb 2 /h (ρ/E 2 ) f ace .
For various length to thickness ratios varying from 2 to 100, the first normalized frequency is listed in Table 10 . The results obtained are compared with analytical solutions provided in [44] based on HSDT & FSDT and our isogeometric approach based on dTrSDTs [7, 38] . We observed that present results are in good agreement with analytical ones from HSDT model (12 DOFs/node) reported in [44] and are more accuracy than those of HSDT (5 DOFs/node) & FSDT (5 DOFs/node) [44] . It is clear that the difference between results of using FSDT model and HSDT model is very M A N U S C R I P T significant for thick sandwich plates. It is therefore necessary to use HSDT model. Table 11 lists several higher frequencies for moderately thick and thin plates. It can be found that present results agree well with those obtained by HSDT models for both thick (a/h = 10) and thin (a/h = 100) sandwich plate whereas FSDT model leads to over-stiffness of the natural frequencies. The first six mode shapes are illustrated in Fig. 10 .
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Next, the influence of the thickness of core to the thickness of face sheet ratio h c /h f on the natural normalized frequency is resulted in Table 12 . For the range of h c /h f from 4 to 100, The natural frequency values based on FSDT model [65] are very high compared to the results based on HSDT model [65] . As expected, the present method is in good agreement with the analytical solution based on HSDT [65] (12 DOFs/node) and is also more accuracy than that of HSDT [65] (5 DOFs/node). The natural frequencies of the plate decrease as the ratio h c /h f increases, i.e, the stiffness of the plate decreases.
Circular plates
A circular four-layer [θ / − θ / − θ /θ ] laminated plate with fully clamped boundary and various fibre orientation angles α = 0 0 ; 15 0 ; 30 0 ; 45 0 are illustrated in Fig. 11a . Material parameter III is used. The circular plate has a radius to thickness ratio of 5 (R/h = 5). For this problem, a NURBS quadratic basis function is enough to model exactly the circular geometry. Knot vectors Ξ × H of the coarsest mesh with one element are defined as follows Ξ = {0, 0, 0, 1, 1, 1}; H = {0, 0, 0, 1, 1, 1}. Data of the circular plate are given in Table 13 . Coarse mesh and control net of the plate with respect to quadratic and cubic elements are displayed in Fig. 12 . Table 14 exhibits the first six normalized frequencies derived from the present approach in comparison with the moving least squares differential quadrature method (MLSDQ) based on FSDT [43] and the isogeometric approach based on dTrSDTs [38, 7] . A good agreement is obtained for the present model. Fig. 13 provides the first six mode shapes of a circular four-layer [45/ − 45/ − 45/45] clamped laminated plate. It is observed that mode shapes are very smooth due to using NURBS basis functions.
Elliptical plates
Let us consider a three layer [0 0 /90 0 /0 0 ] elliptical plate with a fully clamped boundary using Material V . The elliptical plate radiuses are a =5 and b = 2.5 as plotted in Fig. 14, respectively . The normalized frequency is defined by ϖ = ωa 2 
Numerical study for this problem was addressed by Chen et al. [45] using the Element Free Galerkin method (EFG) and classical laminated plate theory (CLPT). The normalized first six frequencies with various the length to thickness ratios using the present theory and the dTrSDTs [38, 7] are provided in Table 15 . The present solution is in good agreement with other ones. For the thin case a/h = 100, the present solutions outperform the EFG ones. The first six mode shapes of three-layer [0 0 /90 0 /0 0 ] fully clamped laminated elliptical plate are depicted in Fig. 15 .
Buckling analysis of laminated composite and sandwich plates
For a comparison, the buckling load factor is normalized asλ = λ cr a 2 / E 2 h 3 where E 2 and λ cr are the elastic modulus and the critical buckling load, respectively. The plate is modeled by 13 × 13 cubic elements for all examples. uniaxial compression as shown in Fig. 16a . Material III is used. The efficiency and accuracy of the present model for various elastic modulus are investigated. For a/h=10 and various elastic modulus E 1 /E 2 ratios, the obtained results are compared to the 3D elasticity solution [66] , the radial point interpolation method (RPIM) based on HSDT [67] and FEM solution based on HSDT [68, 69] and the IGA based on the dTrSDTs [38, 7] , as reported in Table 16 . It is observed that the IGA based on present theoy is a good competitor with other methods. Also, the normalized critical buckling loads are increased as the E 1 /E 2 modulus ratios increase.
In addition, the effect of the length-to-thickness ratios (a/h) subjected to the uniaxial compression load is considered for four layer [0 0 /90 0 /90 0 /0 0 ] simply supported square plates. Table 17 summarizes the normalized critical buckling load of the present method and other methods such as the FEM based on FSDT [70] , the FEM based on FSDT [71] & HSDT [71] and the IGA based on the dTrSDTs [38, 7] . The present results match well those methods. length-to-thickness ratio of the plate a/h is taken to be 10 and 20. Various thickness of face sheet to thickness of plate ratios are studied. Table 18 consists of the results derived from the present approach with the IGA based on dTrSDTs [38, 7] , the 3D elasticity solution [72] , finite element solutions based on HSDT & FSDT [46] and finite element solution/closed form solution (CFS) based on layerwise (LW) theory [73] . It is again seen that results of the present ITSDT model match well with those of dTrSDTs [38, 7] models and are slightly more accurate that those of several above mentioned methods. Note that the FE solution based on FSDT [46] is only reasonable for the sandwich plate with thin face sheet t f /h < 0.075. For a larger size of face sheet, the FSDT results are significantly deviated.
Next, a symmetric twenty-one layer
sandwich square plate with a simply supported boundary condition is considered. The sandwich plate includes 10 layers of cross-ply laminated face sheets of equal thickness and a soft orthotropic core. The buckling load factor with respect to various parameters like the length to thickness (a/h) and thickness of face sheet to thickness of plate (h f /h) ratios are presented. The results obtained are compared with those of several available solutions such as 3D elasticity solution by Noor et al. [72] , closed form solution based on HSDT by Dafedar et al. [74] , finite element solution based on high-order globallocal plate theory (GLPT) by Shariyat [75] , closed form solution based on mixed layerwise (MLW) theory by Dafedar et al. [74] , closed form solution based on HSDT by Kheirikhaha et al. [76] and the IGA based on dTrSDTs [38, 7] , as listed in Table 18 . As expected, our approaches based on IGA work very well for this problem.
Square plate under biaxial compression
Finally, we consider a three-layer symmetric cross-ply [0 0 /90 0 /0 0 ] simply supported plate subjected to the biaxial buckling load as shown in Fig. 16b . Various length-to-thickness a/h and elastic modulus E 1 /E 2 ratios are studied in this example. Table 19 and Table 20 show the normalized critical buckling loads with respect to various modulus and length-to-thickness ratios. The obtained results are compared with those of the finite element formulation based on FSDT [77] , the finite element method based on HSDT [69] , the meshfree method based on both FSDT and HSDT [67] and also the IGA based on dTrSDTs [38, 7] . The present method shows a very good performance compared to other methods for various modulus ratios and length to thickness ratios. The normalized critical bi-axial buckling loads are increased with respect to increasing the modulus ratio M A N U S C R I P T M A N U S C R I P T 
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Conclusions
An isogeometric finite element formulation in combination with a new inverse tangent shear deformation theory has been proposed for static, free vibration and buckling analysis of laminated composite and sandwich plates. In the present theory, shear stresses free boundary conditions at the top and bottom surfaces of the plates are satisfied and hence shear correction factors are ignored. Weak forms of the static, free vibration and buckling models for laminated composite and sandwich plates using the present theory were derived. Numerical results are presented to investigate the influences of the length to thickness ratio, the core thickness to face sheet thickness ratio, the elastic modulus ratio and various boundary conditions. Obtained results showed high reliability for all test cases from the thin to thick plates. Besides the proposed theory, other trigonometric shear deformation theories [38, 39, 7] were also considered in this paper. Through all problems tested, obtained results from the IGA based on present theory are more accuracy than the IGA based on dTrSDTs [38, 39, 7] when compared to the exact elasticity 3D solution. This paper only restricts to a generalized higher-order shear deformation theory with a fiveparameter displacement field. The present method can be easily extended to other theories proposed in Ambartsumian [3] , Reissner [4] , Levinson [5] , Reddy [6] , Karama [8] and Aydogdu [9] , etc. This expansion is just simple how to choose the corresponding distribution function f (z) along the plate thickness. Furthermore, the IGA can be applied to the unified framework of the multilayered plates [16, 17] and a higher order shear & normal deformable beam/plate theory (TSNDT) M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT [78, 79] . The authors believe that the present method will be very promising to provide an effectively alternative method of traditional finite elements for analysis of laminated composite and sandwich plate structures in practical applications. 
